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inafter under "Earth Foundations/' Drainage holes, located downstream
from the cutoff, described later, tend to increase leakage slightly.

The general theory of uplift is described in Art. 5 of Chapter 7. The de-
termination of the hydraulic pressures within the foundation, the direction of
seepage, the action of drains, and the influence of cutoffs are described in
Art. 14 and succeeding articles on Earth Foundations.

6. Grouting Rock Foundations. Grouting of rock foundations is both for
tightening to prevent leakage and reduce uplift and for consolidating seamy
and broken foundations to make them stronger. This article will treat with
methods for tightness, after which Art. 7 will describe consolidation grouting.

Grout is composed of a mixture of neat cement and water, infrequently with
certain admixtures as explained later. Asphalt grouting for cavities contain-
ing running water is a special case arid will be discussed subsequently.

Grouting procedure should not be approached blindly. A thorough study of
the geologic features, including the location of faults, solution channels, and
areas of weakness by preliminary drillings, described in Chapter 1, lends much
assistance to a successful job and, in some cases, is indispensable.

For a cutoff or ''curtain'-1 grouting, the required depth of the deepest holes
naturally depends upon the nature of the rock in the foundation. The general
rule that the deepest grouting should extend to a depth below rock surface
equal to one-fourth of the hydrostatic head above rock surface is too inaccurate
for serious consideration. The only accurate determination of required depth
is a water-pressure test to determine leakage in segregated zones at different
elevations.

The tests for each hole consists of pumping clear water into the hole at fixed
pressure and measuring the discharge. (See also Art. 44, Chapter 1.)

For rock foundations that do not tighten with depth, the reader is referred
to Art. 15, which covers cutoffs in earth and which indicates the futility of
deep cutoffs not reaching impervious material.

Curtain grouting is accomplished by grouting one or several lines of holes at
the upstream face of the dam. More than one line of holes is not necessary
unless rather high pressures are required for the deep holes, in which case sev-
eral other parallel lines of shallow holes may be required to consolidate the
surface over a wider area.

Where vertical seams are present, it is necessary to angle the grout holes in
order to intersect all of them. Frequently adjacent holes are angled in opposite
directions, in the plane of the grout curtain, forming a crisscross arrangement.

The simplest case for a grouting program is for a curtain having all holes at
uniform depth. This is frequently adopted for low dams and also for high
dams where the permeability of the rock is relatively uniform above a given
stratum and much tighter below that stratum. In this case a "split spacing"
method is adopted. A primary series of holes is drilled 15 to 25 feet apart,
depending upon the nature of the rock, and then tested with water, and
grouted. A second series, consisting of an equal number of intermediate holes,
is then drilled, tested, and grouted. A third series is then drilled, tested, and